cranial vascular abnormalities. Moreover, it is still unclear whether the prevalence of intracranial aneurysms in patients with intracranial meningiomas is higher than that in a healthy population after adjusting for risk factors; thus, we conducted a retrospective case-control study.
methods patient selection
Our case-control study was nested within a longitudinal cohort study of patients who were treated with surgery and/or stereotactic radiosurgery for newly diagnosed intracranial meningiomas at the Seoul National University Bundang Hospital in the period from 2003 through 2012. Eligible patients included those who were treated for intracranial meningiomas and had undergone a routine preoperative evaluation and/or tumor embolization using 4-vessel intraarterial digital subtraction angiography (DSA) and/or MR angiography (MRA).
The control group consisted of patients without a history of brain tumors who were observed for routine health screening tests, including MRA, between 2003 and 2012 at the same hospital. After enrollment of each meningioma case, 3 eligible controls with the same sex and age were randomly selected from the control group.
Evaluation of Intracranial Aneurysms and Definitions of variables
Two neurosurgeons (Y.H.K. and Y.J.L.) and 2 neuroradiology specialists (J.H.K. and B.S.C.) independently reviewed all intraarterial DSA and MRA images for intracranial vascular abnormalities, such as intracranial aneurysms and/or occlusion of the distal internal cerebral arteries or proximal middle cerebral arteries, and the results for each evaluator were integrated. All reviewers were unaware of any clinical information on the subjects.
The presence of intracranial aneurysms and/or other vascular abnormalities was ultimately unanimously confirmed by the 4 aforementioned evaluators and 3 neurosurgeons (J.H.H., J.S.B., and G.H.), particularly in differentiating intracranial aneurysms from a normal variation, such as an infundibulum of the arterial branches. Images were read using a digital picture archiving and communication system (PACS). Control patients who had been treated for intracranial aneurysms at any time before their general health screening tests were regarded as having a positive finding for intracranial aneurysms.
Information about intracranial aneurysms was gathered, including lesion size (defined as the maximum width in the dome or neck), location, and treatment. A posterior communicating artery aneurysm was classified as one in which the internal carotid artery was involved. Intracranial meningioma size (volume) was measured on MR images using the approximate volume calculation of an ellipsoid, as described elsewhere. 5 Tumor location was defined as the right or left hemisphere or midline, according to the location of the tumor epicenter. The association of intracranial aneurysms with intracranial meningiomas was classified as ipsilateral, contralateral, or midline. The midline was defined as a situation in which meningiomas and/ or aneurysms were located in the midline, as in olfactory groove meningiomas and anterior communicating artery aneurysms.
Clinical data, such as patient age, sex, hypertension, tumor pathology in surgical cases, and a family history of stroke with at least one affected first-degree relative, were also collected. All medical data were based on information contained in hospital charts and radiological studies and were collected in accordance with the case record form approved by the institutional review board.
statistical analysis
Appropriate bivariate tests (t-test for continuous data and chi-square test for categorical variables) were performed. Unconditional multivariate logistic regression models were used to estimate odds ratios and the associated 95% confidence intervals. A p value < 0.05 for associations was considered to indicate statistical significance. All statistical analyses were performed using the IBM SPSS Statistics package (version 20.0.0, IBM Corp.).
results
We enrolled 404 consecutive patients who were treated for newly diagnosed intracranial meningiomas in the longitudinal cohort study for the period from 2003 through 2012, and 309 patients were identified as having pretreatment DSA or MRA results. We then performed random 1:3 case-control matching for sex and age from a database of 9557 consecutive controls. Finally, 300 patients (74.3%) with intracranial meningiomas and 900 controls were included in this study after excluding 9 patients with intracranial meningiomas because of random case-control matching. We included 43 patients who were treated with stereotactic radiosurgery and underwent MRA before treatment for meningiomas to adjust for the effect of tumor size. Among the 300 patients with meningiomas, 55 (18.3%) had MRA studies and 245 (81.7%) had DSA studies. In the univariate analysis, both meningioma and control patients were similar with regard to sex, age, and family history of stroke, but those with meningioma were more likely to have hypertension than controls ( Table 1) .
association of intracranial aneurysms with meningiomas
Intracranial aneurysms were identified in 23 meningioma patients (7.7%; 17 patients with single aneurysms and 6 with multiple aneurysms) and 24 controls (2.7%; p < 0.001). Among the 300 meningioma patients, the sensitivity of MRA was 5.4% (3 of 55 patients), while that of DSA was 8.2% (20 of 245). The difference in sensitivity between the 2 examination methods was not significant (p = 0.776). Multiple aneurysms were found in only 6 meningioma patients (2.0%). The most common intracranial aneurysm location was the internal carotid artery in both groups. Most intracranial aneurysms were smaller than 5 mm, and the mean aneurysm size was 4.92 ± 4.35 mm (range 2.0-23.5 mm) in meningioma patients and 2.97 ± 1.25 mm (range 1.5-6.0 mm) in controls after excluding 3 patients who had undergone surgery for intracranial aneurysms before routine health screening tests. The characteristics of the patients and intracranial vascular abnormalities are summarized in Tables 1 and 2 .
The unconditional multivariate analysis showed a sig-nificantly increased association between intracranial aneurysms and intracranial meningiomas (OR 2.913, 95% CI 1.613-5.261) and a markedly elevated association between intracranial aneurysms and hypertension (OR 1.905, 95% CI 1.053-3.446). In the subgroup analysis of meningioma patients, there was a significant association between intracranial aneurysms and hypertension (OR 2.876, 95% CI 1.125-7.352) and tumor volume (OR 1.012, 95% CI 1.001-1.024). The results of the statistical analyses are summarized in Table 3 .
association of intracranial vascular abnormalities with meningiomas Meningioma patients were also more likely to have other intracranial vascular diseases, such as isolated occlusion of the intracranial vessels, excluding intracranial aneurysms, compared with controls (p < 0.001; Table 1 ). Intracranial vascular abnormalities were significantly associated with intracranial meningiomas (OR 3.689, 95% CI 2.179-6.246) and hypertension (OR 2.261, 95% CI 1.336-3.826; Table 3 ). In the subgroup analysis of meningioma patients, there was a significant association between intracranial vascular abnormalities and hypertension (OR 3.248, 95% CI 1.449-7.277) and tumor volume (OR 1.011, 95% CI 1.001-1.021).
discussion
The prevalence of associated occurrences of intracranial aneurysms and brain tumors was first reported as < 0.3% in a series of 23,876 brain tumor patients. 9 Recently, advanced techniques for imaging intracranial vessels have become increasingly available and applied, which has coincided with an increase in the incidental detection of intracranial aneurysms. 13 Similarly, the recently reported prevalence of intracranial aneurysms has also increased to approximately 2%-5% in patients with brain tumors. 7, 8 Specifically, the noninvasive MRA method has been widely used to screen for intracranial vascular abnormalities; furthermore, MRA has power similar to intraarterial DSA in detecting intracranial aneurysms, as there was no significant difference in prevalence in studies with MRA as the initial imaging study compared with DSA as the reference group. 13 Furthermore, the difference in sensitivity between MRA and DSA was not significant in the present study.
In addition to the recently advanced microsurgical and endovascular techniques in cases with both pathologies, the advancement of these diagnostic tools for intracranial aneurysms has decreased periprocedural mortality.
2 Until now, however, the prevalence of intracranial aneurysms has not been investigated in patients with intracranial meningiomas despite the proposed possible mechanisms, such as local hemodynamic factors, hormonal influence, genetic factors, and direct invasion of tumor cells to the vessel wall.
This study provides the first evidence of an association between intracranial aneurysms and intracranial meningiomas. Although a cause-and-effect relationship cannot be inferred from a single study, our findings showed that an increased tumor volume appears to have an effect on the formation of intracranial aneurysms and other vascular abnormalities. To produce a constant cerebral perfusion pressure, arterial blood pressure should be increased by an amount equal to increases in intracranial pressure - caused by the tumor volume, even within the range of autoregulation. 1, 3 Additionally, the chronic increase in arterial blood pressure may lead to an increase in hemodynamic stress, one of the principal factors of various degenerative changes in intracranial aneurysm formation, 6 on cerebral arteries around slowly growing meningiomas or in the entire brain, even though it would not cause definite systemic hypertension. This long-standing hemodynamic stress also leads to the formation of intracranial aneurysms in the contralateral hemisphere and the increased prevalence of other intracranial vascular diseases, such as isolated occlusion of intracranial arteries, in patients with meningiomas.
An increase in directional blood flow in response to a higher blood supply to meningiomas was suggested as a possible source of hemodynamic stress on cerebral arterial walls. 9, 12 However, it may only be applicable for a small portion of cases with intracranial aneurysms located on a tumor-feeding artery or within a tumor 2 because most meningiomas have major feeders from the meningeal arteries, which are branches of the external carotid artery.
Several limitations of the present study should be considered. First, the effect of genetic and hormonal factors was not evaluated in our analysis. And although their effects on this study appear to be minimal considering the low incidence of genetic disease 4 and the sex-and agematched design of the present analysis, those factors may still have some effect on the co-occurrence of both pathologies in cases with relatively small tumor volumes. Furthermore, the genetic aspects of the patients and the natural history of the lesions must be considered in the studies that follow. Second, hospitalization bias may have influenced this study, particularly as regards tumor volume, although we included patients treated with stereotactic radiosurgery to adjust for the effect of tumor size. However, this finding seems to be more informative to physicians responsible for patients with meningiomas, which should be treated because of their sizes. Therefore, a noninvasive vascular evaluation using MRA should be considered in selected patients to prevent an imponderable situation of intraoperative bleeding from intracranial aneurysms during surgery for brain tumors. Therefore, we cautiously recommend that intracranial meningioma patients with larger tumors or hypertension should be evaluated angiographically. Third, because the incidence of intracranial aneurysms varies from 0.5% to 7% in the general population, according to methods used to evaluate intracranial aneurysms, 10 the sample size of the present study seems to be modest for determining the incidence of intracranial aneurysms in the general population. However, the prevalence of intracranial aneurysms in the healthy controls in the present study is comparable with that in another study on persons in South Korea using a similar evaluation method, 7 considering our additional adjustment for sex. In addition, the prevalence of intracranial aneurysms in this study is also comparable with those in other countries. 13 Nevertheless, our subgroup analysis of patients with intracranial meningiomas was based on smaller numbers of patients and should be interpreted with caution considering the wide confidence intervals of the analyzed variables.
conclusions
The prevalence of intracranial aneurysms is higher in patients with intracranial meningiomas. Hypertension and tumor volume appear to be associated with the formation of intracranial aneurysms in these patients.
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